Background: The National Health Checks programme aims to reduce the incidence of cardiovascular diseases and health inequalities in England. We assessed equity of uptake and outcomes from NHS Health Checks in general practices in Bristol, UK. Methods: A cross-sectional study using patient-level data, from 38 general practices. We descriptively analysed the socioeconomic status (SES) of patients invited and the SES and ethnicity of those attending. Logistic regression was used to test associations between invitation and attendance, with population characteristics. Results: Between June 2010 to October 2014, 31,881 patients were invited, and 13,733 NHS Health Checks completed. 47% of patients invited from the three least and 39% from the two most-deprived index of multiple deprivation quintiles, completed a Check. Proportions of invited patients, by ethnicity were 64% non-black and Asian and 31% black and Asian. Men were less likely to attend than women (OR 0.73, 95% confidence interval 0.67 to 0.80), as were patients ≤ 49 compared to ≥ 70 years (OR 0.40, 95% confidence interval 0.65 to 0.83). After controlling for SES and population characteristics, compared to patients with low CVD risk, high risk patients were more likely to be prescribed cardiovascular drugs (OR 6.2, 95% confidence interval 4.51 to 8.40). Compared to men, women (OR 01.18, 95% confidence interval 1.03 to 1.35) were more likely to be prescribed cardiovascular drugs, as were those ≤ 49 years (50-59 years, OR 1.42, 95% confidence intervals 1.13-1.79, 60-69 years, OR 1.60, 95% confidence intervals, 1.22-2.10, ≥ 70 years, OR 1.64, 95% confidence intervals, 1.14 to 2.35). Controlling for population characteristics, the following groups were most likely to be referred to lifestyle services: younger women (OR 2.22, 95% CI 1.69 to 2.94), those in the most deprived IMD quintile (OR 3.22, 95% CI 1.63 to 6.36) and those at highest risk of CVD (OR, 2.77, 95% CI 1.91 to 4.02). Conclusions: We found no statistically significant evidence of inequity in attendance for an NHS Health Check by SES. Being older or a woman were associated with better attendance. Targeting men, younger patients and ethnic minority groups may improve equity in uptake for NHS Health Checks.
Background
Cardiovascular Disease (CVD) is one of the leading causes of premature mortality and morbidity in the UK [1] . The estimated annual cost of CVD in the UK is £15 billion, but likely to rise to >£18 billion per year by 2020 [2] . Smoking, being overweight, defined as having a BMI ≥ 25, drinking more than 14 units of alcohol a week on a regular basis, and being physically inactive, defined as doing less than 150 min of moderate intensity physical activity per week are considered risk factors for CVD [3] .
The NHS Health Checks programme [4] , introduced in 2009, is a national initiative, targeting patients aged 40-75, who are not on a disease register for CVD, diabetes or chronic kidney disease. The programme is aimed at the early prevention of type two diabetes, stroke, heart disease and chronic kidney disease, using a combination of risk assessment, communication of risk and risk management. Practices are advised to invite 20% of their eligible population per year for an NHS Health Check, with the aim of inviting their entire eligible practice population, over a five-year period. According to Public Health England, the UK government body who oversee the delivery of this programme, their economic modelling showed a requirement for 75% uptake to provide optimal economic effects on the NHS budget.
The information obtained from the NHS Health Check, including ethnicity, and level of deprivation, measured using the Townsend score, is used to calculate and present attendees with a QRisk score. This score indicates their likely risk of having a heart attack or stroke over the subsequent 10 years.
In line with the NHS Health Checks practice guidelines, patients identified with a QRisk > 10% are offered behavioural advice and interventions, on the day of their check. These include verbal lifestyle advice and a referral to local behavioural lifestyle modification services, for example smoking cessation clinics, weight management and physical activity programmes. Patients whose tests suggest chronic conditions such as chronic kidney disease or hypertension are referred to their GP for formal diagnosis and treatment. Moreover, it is encouraged that eligible patients are placed on the relevant disease register to promote continued monitoring, by the GP practice, of any newly diagnosed condition related to CVD, in-line with government directives.
The incidence of CVD is associated with health inequalities [5, 6] . In the UK, mortality from CVD is 50% higher in those who are in the most deprived fifth of the population compared to those in the most affluent fifth of the population [6] . Some ethnic minority groups are at greater risk of CVD, with mortality rates almost 50% higher in south Asian compared to non-south Asian populations [7] . The NHS Health Checks programme aims to contribute towards reducing health inequalities in England [8, 9] through targeted approaches to encourage uptake in low income and ethnic minority groups [10] .
There is some evidence that uptake of NHS Health Checks has been similar across all socioeconomic groups [11, 12] . However, uptake in certain ethnic minority groups has been poor [11] .
This evaluation assessed the association between invitation and uptake of NHS Health Checks, and age, sex, ethnicity and level of deprivation, using routinely collected data from general practices in Bristol, a city in the southwest of England, where 16% of the total population are from Black, Asian and other minority ethnic groups [13] .
Methods
This was a cross-sectional, observational study of eligible patients registered at general practices in Bristol, from 18th February 2010 to 23rd October 2014. Eligible patients included those aged 40-74 without pre-existing CVD, hypertension, ischaemic heart disease, stroke or transient ischaemic attacks, atrial fibrillation, heart failure, peripheral arterial disease, chronic kidney disease (CKD), familial hypercholesterolaemia, diabetes and current statin prescription.
Thirty eight of the 52 general practices in Bristol gave consent for their electronic patient record database to be interrogated remotely by the local Commissioning Support Unit (CSU), to enable data extraction. The CSU is an independent organisation, commissioned by Public Health Bristol to provide selected data to local health care commissioners.
We obtained anonymised individual level data from participating practices. Identifiable data such as date of birth was converted to age and deprivation status was converted from postcode to lower super output area (LSOA), a small geographical area with a mean population size of 1500 people. This was further converted to a national index of multiple deprivation (IMD) [14] at source and grouped into quintiles based on national distribution. We intended to ascribe ethnicity based on the 2001 census definitions [15] from data recorded in patients electronic medical records. We obtained data on cardiovascular medication prescribed up to three months following completion of the NHS Health Check. Medication was categorised into: thiazides and related diuretics, beta blockers, other antihypertensives and heart failure drugs, antiplatelet drugs, antifibrinolytic and haemostatic drugs and lipid regulating drugs. In addition, we received data on referrals to lifestyle services up to eight weeks following completion of the NHS Health Check. Ten-year risk of cardiovascular disease was estimated using the QRISK tool [16] . This score is calculated from patient reported family history, age, gender, ethnicity, socio-economic status, and selected physiological measurements, and can be categorised as < 10% (low), 10%-20 (medium) or > 20% (high).
All eligible patients who received an invitation for an NHS Health Check and were between the ages 39 and 75 years were included in the analysis. Although the age criteria to receive an NHS Health Check is 40-74, the age range used in the analysis was extended to 39-75 years. This ensured that the lower age captured patients who aged 39 at the time of being invited for an NHS Health Check, were aged 40 by the time the NHS Health Check was completed. The upper age enabled us to capture patients who were aged 74 at the time of being invited for an NHS Health Check but were aged 75 by the time they completed their NHS Health Check.
Age was divided into five age-groups as described in Table 1 , IMD was divided in to five quintiles, each representing 20% of the population of England. Higher deprivation scores and quintiles represented higher levels of deprivation. Ethnicity was categorised in line with Good Clinical Practice Guidelines [17] , which are based on the 2001 national census categories [15] . Stata V13.1 was used to analyse all data. We used appropriate descriptive statistics to summarise participant characteristics. Logistic regression models were used to investigate associations between participant characteristics and invitation or attendance for an NHS Health Check, and with management of cardiovascular risk factors including prescribed medication and referral to behavioural lifestyle services.
Reporting of this study conforms to STROBE recommendations for observational studies [18] .
Results
On 1st February 2010, out of the fifty-two general practices in Bristol, 110,288 patients were eligible for an NHS Health Check. Thirty-eight practices agreed to provide data and 14 declined. IMD scores were normally distributed across both the practices included and those not included in this evaluation.
Invitations
A total of 31,881 patients were invited for an NHS Health Check during the data collection period, June 2010-October 2014 (Table 1) . Some practices prioritised high-risk patients and other practices did not stratify their invited patients based on risk or age, however, we were unable to quantify this aspect by practice. More women compared to men, older compared to younger patients and higher compared to lower socioeconomic status patients attended for their NHS Health Checks (Table 2) .
Due to the poor recording of ethnicity by practices, particularly in those patients who did not attend for their NHS Health Check, it was not possible to estimate the association between ethnicity and attendance. However, out of those who did attend, 10.3% of attenders were from Black and Asian minority ethnic groups (BAME).
Over 45% of patients invited for a Health Check and who did not attend, did not have their ethnicity recorded, compared with 5% of attenders ( Table 2) , precluding calculation of the odds ratios for ethnicity in attenders versus non-attenders.
There was no statistically significant difference in attendance or not, by IMD quintile. However, there was a nonstatistically significant trend for patients in the most deprived IMD quintiles, to be less likely to attend for their NHS Health Check compared to patients from less deprived IMD quintiles (P = 0.053); but, 95% confidence intervals crossed one, for all reported IMD quintiles. (Table 2 ).
The distribution of QRisk scores across IMD quintiles was similar. The majority of attendees (61.6%) had a low QRisk score, followed by 25.0% with a medium and 12.5% with a high QRisk.
Management of cardiovascular risk
Prescription of cardiovascular medications: 1161 new prescriptions for cardiovascular medications were issued within three months following completion of an NHS Health Check. Increasing age, being female and having a high or medium QRisk score compared to a low Qrisk score, were associated with these prescriptions (Table 3) .
After controlling for age, gender, IMD quintile, ethnicity and QRisk score, compared to men, women were most likely to be prescribed a cardiovascular drug, (OR 1.18, 95% CI 1.03 to 1.35) as were patients aged ≥ 70 years compared to aged ≤ 70 years (OR 1.64, 95% CI 1.14 to 2.35). Those classified as being at high risk of CVD were most likely to be prescribed cardiovascular medication (OR 6.16, 95% CI 4.51 to 8.40). There was no evidence of any association between prescribing of CVD drugs and socioeconomic status or ethnicity (Table 3) .
Referral to behavioural lifestyle services: A total of 695 recorded referrals were made to behavioural lifestyle services (Table 4) within eight-weeks following completion of an NHS Health Check: Weight management n = 414, Smoking cessation service n = 250, Physical activity service n = 37, Dietician n = 26, Health trainer n = 13, Alcohol service n = 1. Additionally, a further 10,381 patients were either signposted or given lifestyle advice within eight weeks following their NHS Health Check.
The following groups were most likely to be referred to lifestyle services: younger women (OR 2.22, 95% CI 1.69 to 2.94), those in the most deprived IMD quintile (OR 3.22, 95% CI 1.63 to 6.36) and those who were at highest risk of CVD (OR, 2.77, 95% CI 1.91 to 4.02).
Discussion

Summary
Over the data collection period, 31,881 invitations for an NHS Health Check were offered to eligible individuals and 13,733 Checks were completed. Although 52 GP practices were offered the opportunity to deliver NHS Health Checks and or take part in this study, only 32 practices were able to arrange the infrastructure required to do this, in the time frame for this study. Analysis of all practices who participated as well as those who didn't, showed that IMD was normally distributed. Slightly more males than females were invited (52% versus 48%) although slightly fewer males than females attended (47% versus 53%). More patients, classified as white British, mixed British, other white and white European [17] , compared to those from other BAME groups were invited (64% versus 9%). From those who were invited, the majority of attendees were also from white British, mixed British, other white and white European [17] , compared to those from all other BAME groups (85% versus 10%). The population prevalence of BAME groups in the City of Bristol is 16%.
There was no statistically significant difference across IMD quintiles in invitations made or attendance for an NHS Health Check. However, for attendance, there was a trend for those in the most socially and economically deprived IMD quintiles, to be least likely to attend for their NHS Health Check, compared to patients from least socially and economically deprived IMD quintiles (P = 0.053); 95% confidence intervals included one for all IMD quintiles. A higher percentage of those invited and who completed their NHS Health Check had a low Qrisk score (61.6%) compared to those with a medium (26.0%) or high-risk score (12.5%). Age and gender were significant predictors of attendance with older patients and females, most likely to attend. From the patients who were invited and attended, compared to those with a low Qrisk score, those with a high QRisk score were more likely to be prescribed a cardiovascular drug and referred to a behavioural lifestyle management service. Those referred to behavioural lifestyle management were more likely to be living in the most socially and economically deprived areas compared to living in the least socially and economically deprived areas.
Comparison with existing literature
Early identification of risk factors for CVD is important to more accurately inform primary prevention. It is currently unclear whether the NHS Health Checks programme is able to increase the early identification of CVD risk factors.
It is difficult to ascertain whether NHS Health Checks attract patients at highest risk of CVD, as recommendations in some areas have been to invite higher risk patients first [19] . Whilst others have found non-attenders to have a higher set of risk factors for CVD compared to attenders [20] , several studies, including ours have found a greater rate of attendance in older patients [21] , a population more likely to have a higher set of risk factors for CVD.
However, in our study, within three months of attending for an NHS Health Check, just over 8% of patients, of which over a third (almost 38%) had high QRisk scores, were prescribed a cardiovascular drug; with a high QRisk score being a significant predicator for being prescribed a CVD drug. Thus, providing some support that those who attended and were at highest risk of CVD, were being identified and treated. Additionally, just over 5% of those who attended were referred to lifestyle services, with younger women and those from the most socially and economically deprived areas in Bristol most likely to be referred. These are patients who if they hadn't been invited and attended for an NHS Health Check, would not have been identified as being at risk of CVD until much later, when their risk factors may have advanced or resulted in a cardiovascular event. This provides some positive support for the NHS Health Checks programme in this geographical location. A randomised trial of NHS Health Checks with and without referral to behavioural lifestyle support showed a reduction in estimated population CVD risk, with CVD risk being assessed using the Framingham 10-year CVD risk guidelines [22] . There was no difference in risk reduction between groups, indicating that the addition of behavioural lifestyle support made no significant difference in this case. However, in our study, we did not have data available to examine the impact of referral, to behavioural lifestyle support on risk reduction in our population. More recent evidence found an increase in the new diagnosis of particularly diabetes and hypertension among attendees compared to non-attendees of an NHS Health Check, as well as a higher level of statin prescribing [19, 23] . These findings further contribute towards positive support for the NHS Health Checks programme. In contrast, a recent study examining the impact of NHS Health Checks on the prevalence of risk factors for CVD [24] found no difference in prevalence, between practices who did or did not offer NHS Health Checks. This was despite the practices offering NHS Health Checks being in more deprived and low-income communities where there is likely to be a greater prevalence of risk factors for CVD, compared to the control practices [25] .
Inequalities in health arise from social, geographical or biological differences between people or groups of people. Often classified as 'deprived or disadvantaged groups' , they live in the poorest neighbourhoods, are on low incomes and often removed from access to basic needs such as food, a safe living environment, health and social services. These conditions tend to result in poorer population health compared to those living in less deprived neighbourhoods [26] .This population often includes a high proportion of those from BAME groups. According to the Marmot curve [27] , a social gradient in health exists, where populations with higher levels of income deprivation have lower life expectancy and less disability-free years. In the UK, mortality from CVD is 50% higher in those who are in the most deprived fifth of the population compared to those in the most affluent fifth of the population [6] . Uptake of NHS Health Checks based on patient levels of deprivation and or income, has been equivocal. Whilst some studies have reported that NHS Health Checks attract those at higher risk of CVD, including those from low income groups [21] , others have reported a reduced uptake amongst those from low compared to higher income groups [28] or even no differences across socioeconomic groups [11, 12] ; we found the latter in our study.
Indeed, many programmes aimed at either screening or the early identification of disease, tend to be accessed predominantly by more affluent, healthier individuals [5, 20] . This raises the question 'how effective are NHS Health Checks in reaching those populations who live in low income communities and who are at highest risk of CVD?' Our study didn't indicate that being in the least affluent sector of the population was a significant predictor for attendance. However, there were a higher proportion of invites sent and patients who attended for their NHS health Check, from the least compared to the most deprived quintile. This may merely be a reflection of targeting by the practices in this study, but it wasn't possible to ascribe a uniform stratification pattern for how practices invited their population.
Several factors can lower rates attendance for an NHS Health Check in those living in low income communities.
This may include patient's scepticism about the efficacy of an NHS Health Check or valuing health less strongly than attenders. Some studies have used a theoretical model of health behaviour change [29] , to explain nonattendance [20, [30] [31] [32] , whilst the inverse care law also goes someway to explaining this likelihood [33] . In a study of community outreach clinics being offered in a deprived area of Bristol, some patients voiced that by offering the NHS Health Check at a community outreach clinic, it showed a willingness by the health care professionals to get to know the patients because they are 'coming out to see us' at a community venue, making the patient feel valued and heard [34] . However, it is likely that the explanation is complex with many different factors impacting on the decision to attend. Examples may include: patients having moved or re-located and not left a forwarding address, language difficulties or lack of an interpreter as well as the location and timing of the appointment [34] .
The prevalence of CVD and diabetes in many ethnic minority populations, especially those of south Asian origin is higher than that found in Caucasian populations [35, 36] . A recent study conducted in Luton, UK, an ethnically diverse town, found that patients from 'other white backgrounds' and 'Black African' patients, were less likely to attend for their NHS Health check compared to all other ethnic groups [27, 28] . This finding also concurs with that found in other studies [20, 37, 38] as well as our own, where only 10% of attendees for an NHS Health check were from BAME populations, compared to a population prevalence in Bristol of 16%. Where targeted approaches for inviting BAME groups have been used, this has been more effective in encouraging BAME patients to attend, compared with an untargeted, general population approach [10, 34, 39] .
Previous studies have reported a lower uptake of NHS Health Checks amongst younger eligible patients [10, 11, 21, 28] . This concurs with our own findings, where being aged ≥ 50 was a significant predictor for attendance, with increasing age improving the likelihood of attendance. Work and or family commitment in those under the age of 50 years, may have contributed towards this lower rate of attendance.
Several studies, including ours, have highlighted gender as a predictor of attendance for an NHS Health Check [37, 38] , with women being more likely than men to attend. Women, more often, attend their GP practice, compared to men [25] , increasing the likelihood for an opportunistic NHS Health Check.
Previous studies have shown that the method of inviting patients for an NHS Health Check is a predictor for attendance [28, 37, 38] , with verbal, telephone, and enhanced letter invitations being predictors of attendance, compared to a traditional letter invite.
